Clustering in perinatal data can violate assumptions of independence, an important consideration for data analysis. Few published studies report on the extent of repeat births in routinely collected Australian perinatal data and the implications thereof for analysis and interpretation. This paper reports on a case study that examined the extent and implications of clustering in the Northern Territory Midwives Collection (NTMC) for the period [2003][2004][2005]. Data were obtained on 7,741 individual mothers giving birth to 8,707 babies in public hospitals during [2003][2004][2005]. Clusters of multiple pregnancies and repeat births were identified and the design effects for birth weight of Aboriginal and non-Aboriginal newborns were calculated. Of the mothers, 46.1% were Aboriginal. Of these, 13.2% had repeat singleton births; 0.4% had multiple pregnancies, and 0.3% had both. Of non-Aboriginal mothers, 8.7% had repeat singleton births; 1.2% had multiple pregnancies; and 0.3% had both. The design effect was 1.07 for Aboriginal newborns and 1.04 for non-Aboriginal newborns. The design effects indicate that the correct variance accounting for clustering is 4-7% larger than the incorrect variance ignoring clustering when three consecutive years of NT data are considered and an intracluster correlation coefficient of 0.48 is assumed for birth weight between twin and non-twin siblings. Depending on the outcome of interest, the impact of clustering should be considered in multivariate analysis of perinatal data, especially when such analyses involve more than one year's data, include large proportions of Aboriginal mothers and newborns, and groups with different rates of repeat births.
Introduction
Secondary analysis of administrative data is a practical and efficient research approach (Garmon-Gibb 2007) and is particularly useful in Aboriginal research to reduce research burden (National Health and Medical Research Council 2003) . However, it is imperative to understand the data issues that influence analysis and interpretation of such data (Zeni & Kogan 2007) . Perinatal data usually include clusters (i.e. women giving birth to twins, triplets, etc., hereafter defined as multiple pregnancies) and/or mothers having more than one pregnancy in a particular period (hereafter referred to as repeat births). Such clustering has implications for data analysis as many multivariate approaches, such as linear and logistic regression, rely on the underlying assumption that cases are independent (Gates & Brocklehurst 2004; Marston et al. 2009; Yelland et al. 2011) .
Each state and territory's health department routinely collects perinatal data on mothers and babies. These data are collated into a national perinatal dataset (Laws, Li & Sullivan 2010) . At national and state/territory levels, perinatal data are published in descriptive single year data reports (Chan et al. 2006; Laws, Li & Sullivan 2010; Thompson, Zhang & Dempsey 2012) , although some departments also publish trends reports (Markey et al. 1998; Zhang et al. 2010) . The perinatal collections are also used for research on various important issues, such as the impact of remoteness on maternal and neonatal outcomes (Graham et al. 2007; Roberts & Algert 2000) , teenage pregnancy (Lewis et al. 2009; Westenberg et al. 2002) , and diabetes in pregnancy (Porter, Skinner & Ellis 2011) . Multiple pregnancies make up a small proportion of all births. They accounted for about 3% of Australian births in 2008 (Laws, Li & Sullivan 2010) and less than 2% in the Northern Territory (NT) in 2006 (Tew & Zhang 2010 (Yelland et al. 2011) . There is, however, little published literature on the extent of repeat births in routinely collected Australian perinatal data and the implications thereof when using analytical approaches that assume independence.
This case study forms part of a larger body of work investigating data issues that have an impact on NT perinatal data (Steenkamp 2013) . The ultimate aim was to increase the utility of NT perinatal data to investigate inequalities in Aboriginal maternal and neonatal outcomes to better inform policy, practice and monitoring. The aim involved the examination of a number of maternal and neonatal outcomes using logistic and linear regression. The case study below assisted in the interpretation of the results on Aboriginal inequalities as reported elsewhere (Steenkamp et al. 2012 ).
Case study

Methods
The NT Midwives Collection (NTMC) is a populationbased census of NT births occurring in public and private hospitals, at home, community health centres, and other non-hospital settings (e.g. in transit). It is an electronic dataset of the NT Department of Health (DH) with data being collected by midwives attending births involving a birth weight ≥400 grams and/or a gestation ≥20 weeks. This paper examines the occurrence of multiple pregnancies and repeat births amongst public hospital births to NT mothers for the period 1 January 2003 to 31 December 2005 as per ethics clearance. The dataset provided by the DH included mothers' hospital record numbers (HRNs). These numbers are unique to individual patients in the NT in the public sector (i.e. women have the same HRN regardless of which public hospital they give birth in). HRNs for mothers giving birth in the private sector are separate and not usually available to researchers. The mothers' HRNs were used to identify repeat birth clusters in the time period. Infants' dates of birth and the variable 'plurality' were used to distinguish between twins/triplets and singletons. 
Results
Aboriginal mothers made up 46.1% of the sample (Figure 1) .
Of the 3,562 Aboriginal mothers, 3,067 (86.1%) had one singleton birth; 471 (13.2%) had repeat singleton births; 15 had one multiple pregnancy (0.4%); and nine (0.3%) had repeat births with at least one of these being a multiple pregnancy (Table  1) . Non-Aboriginal mothers accounted for 53.9% of the sample for [2003] [2004] [2005] (Figure 1 ). Of these, 3,745 mothers (89.8%) had one singleton birth; 363 (8.7%) had repeat births; 51 (1.2%) had one multiple pregnancy; and 11 (0.3%) had repeat births of which at least one was a multiple birth (Table 1) . 
What can be learnt from this case?
This analysis of NT public hospital births showed that multiple pregnancies made up less than 2% of cases for non-Aboriginal mothers and an even smaller proportion for Aboriginal mothers within the three-year period of study. However, repeat births accounted for larger cluster sizes (i.e. about 9% for non-Aboriginal mothers and more than 13% for Aboriginal mothers). Of the mothers with repeat births, 55.6% were Aboriginal women (see Figure  1) . The reasons for the higher cluster size due to repeat births for Aboriginal women relate in part to the higher total fertility rate for Aboriginal women in comparison to non-Aboriginal women. For 2001-2005, the total fertility rate for Aboriginal women in the NT was 2.4 compared to 1.9 for their non-Aboriginal counterparts . Another explanation is that this study only included mothers giving birth in public hospitals as per ethics approval. About 30% of non-Aboriginal women gave birth at the one private hospital in the NT during the three-year period (compared to less than 1% of Aboriginal women). However, it seems unlikely that the exclusion of private cases introduced a major source of bias in the calculation of the proportion of non-Aboriginal mothers who had repeat births. About 57% of non-Aboriginal mothers giving birth in the public sector were multiparous compared to 53.6% of non-Aboriginal mothers giving birth in the private hospital. There are conflicting recommendations about the analysis of clustered perinatal data when using methods that assume independent data. Some authors propose the use of statistical methods that take clustering into account (Ananth, Platt & Savitz 2005; Gates & Brocklehurst 2004; Hibbs et al. 2010) , while others consider this as unnecessary if the proportion of non-independent data is small (Marston et al. 2009; Shaffer, Kunselman & Watterberg 2009 ). Data analysis involving logistic regression that ignores clustering can, however, perform poorly and lead to incorrect conclusions. Yelland et al. (2011) investigated the performance of different multivariate approaches while accounting for clustering due to multiple pregnancies. Using real and simulated perinatal randomised trial data, they found that 'false positives' (the Type I error rate) increased when the proportion of multiple pregnancies (i.e. the cluster size) and the 'relatedness' for outcomes of interest increased. The 'relatedness' of clustered data (e.g. the similarity of birth weight for two siblings), is measured by intrac-luster correlation coefficients (ICC) (Killip, Mahfoud & Pearce 2004 ). It appears that using statistical methods that take clustering into account (e.g. generalised estimating equations and mixed methods models) can reduce interpretation errors when analysing data with multiple pregnancies (Yelland et al. 2011 ). In summary, Yelland et al. (2011) suggested that it becomes progressively important to account for clustering as the average cluster size and ICC increase.
The design effect, which is similar to the variance inflation factor (Heo et al. 2010) , can be calculated by the formula (1+ [(m−1) × ICC]) (Rowe et al. 2002) . The design effect is an adjustment that inflates the variance of parameter estimates (and consequently their standard errors) to allow for correlations among clusters of observations (Rowe et al. 2002) . In this case study, the design effect was determined to assess the implications of repeat births for the logistic regression models used in investigations reported elsewhere (Steenkamp 2013; Steenkamp et al. 2012) . There are few published ICCs for maternal and perinatal outcomes (Yelland et al. 2011 ). However, a Norwegian study using perinatal data for 1968-1989 provided an ICC of 0.48 for birth weight between non-twin siblings (Beaty et al. 1997) .
In the absence of more recent Australian data, this value was used in the formula to calculate the design effect for birth weight of Aboriginal and nonAboriginal newborns included in this case study and for twins (see Table 1 ). For Aboriginal newborns the design effect was 1.07 and for non-Aboriginal newborns it was 1.04. The design effects indicate that the correct variance accounting for clustering is 4-7% larger than the incorrect variance ignoring clustering when three consecutive years of NT data are considered and an ICC of 0.48 is assumed for birth weight between siblings. These findings have implications for the interpretation of statistical significance, that is the P-value. In the dataset examined in this thesis, correction for clustering is not likely to change a non-significant result to significant, nor will it make a highly significant result non-significant. However, it has the potential to lead to incorrect conclusions if results are of borderline statistical significance. For example, a P-value of 0.045 might no longer be significant if clustering was accounted for. This will differ for other outcomes depending on the ICC for a particular outcome. Clustering is slightly more of a concern for Aboriginal women where the design effect is larger. Also, if longer periods of time are considered, then the design effect and, hence the impact of ignoring clustering on the results, would be larger because the average cluster size would be bigger. For example, the impact of ignoring the clustering would be more of a concern if analysing ten years of data instead of the three years in this case study.
Conclusions
The NTMC is a valuable resource for investigating clustering as it contains unique identifiers whereby individual mothers can be identified. Moreover, the NT has the highest proportion of Aboriginal mothers of all jurisdictions (Laws, Li and Sullivan 2010) and Aboriginal identification is of a high standard (Tew, You and Pircher 2008) . This provides a useful analysis of clustering for Australian Aboriginal mothers, who typically have a higher fertility rate than nonAboriginal mothers. The issue of clustering is relevant for analysis of data for Aboriginal mothers and newborns by region, remoteness and community as these analyses usually involve smaller sample sizes with marginal results more likely. It is also important when a cut-off point of P=0.05 is used to determine 'significance' rather than an assessment of the strength of the evidence from very strong (very small P-value) to weak (large P-value). Depending on the outcome of interest, the impact of clustering should be considered in the analysis of perinatal data in situations where statistical methods that assume independence are used (e.g. linear and logistic regression). This is especially relevant when analyses involve more than one year's data, include large proportions of Aboriginal mothers and newborns, and when comparing groups with different rates of repeat births.
